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ABSTRACT 
we s t u d i e d  t h e  changes w i t h  t i m e  i n  t h e  cornposi t ron o f  l e a v e s  o f  
d i f f e r e n t  age, w i t h  p a r t i c u l a r  a t t e n t i o n  g i ven  t o  t h e  younges t  
l eaves ,  because r e l a t i v e l y  l i t t l e  i s  known o f  t h e  e f f e c t  o f  i r o n  
c h l o r o s i s  on t h e  e lementa l  compos i t i on  o f  groundnut  l e a v e s  
i A r a c h i r  hypogaea L. I .  
For c u l t i v d r  T M V Z  and a number o f  b r e e d e r ' s  l i n e r ,  t h e  
development  o f  c h l o r o s i s  d i d  n o t  cause a  c o n s i s t e n t  change i n  
n u t r i e n t  c o n t e n t  o f  t h e  l eaves ,  b u t  marked changes i n  c o n t e n t  were 
a s s o c i a t e d  w i t h  l e a f  age independent  o f  c h l o r o s i s  r u r c e p t i b r l i t y .  
Concen t ra t i ons  o f  N, P. K .  Cu. Mn, and  Zn i n  t h e  l e a v e s  o f  TMY2 
g e n e r a l l y  decreased w r t h  i n c r e a s i n g  age; N. Zn, and Mn 
c o n c e n t r a t i o n s  decreased f r om t h e  u n f o l d e d  buds t o  t h e  second 
un fo lded  l e a f  l L 2 ) ,  b u t  t h e r e a f t e r  d i d  n o t  decrease. The 
c o n c e n t r a t i o n s  o f  Ca i n c r e a s e d  marked l y  w i t h  l e a f  age and Mg 
c o n c e n t r a t i o n s  tended t o  i nc rease .  
There r e s u l t s  I n d i c a t e  t h a t  w h i l e  i r o n  c h l o r o s i s  d i d  n o t  
Cause any c o n s i s t e n t  changes i n  t h e  e lementa l  compos i t i on  o f  
groundnut  l eaves ,  marked changes I n  c o n t e n t  were a s s o c i a t e d  w l t h  
l e a f  age. 
INTRODUCTION 
C h l a r o s i s  i s  widespread I n  groundnut  ( A r a c h i r  h  o aea L  1 
grown on ca l ca reous  and a l k a l i n e  r o i l s  i n  ~~ ' 
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appears t o  be a l k a l i n i t y - i n d u c e d  i r o n  d e f i c i e n c y ,  because t h e  
v i s u a l  SynptOmS a r e  c o n s i s t e n t  w i t h  those caused by  i r o n  
d e f i c i e n c y  (61.  Our e a r l i e r  s tudy  a l s o  showed t h a t  i r o n  c h l o r o s i s  
i n  groundnut  was r e l a t e d  t o  0 -phenan th ro l i ne  e x t r a c t a b l e  i r o n  i n  
t h e  youngest  l eaves  b u t  n o t  t o  t o t a l  i r o n  o r  t o  t h e  r a t i o  o f  i r o n  
w i t h  o t h e r  e lements ( 6 ) .  However, c h l o r o s i s  i s  n o t  a lways removed 
by s p r a y i n g  i r o n  s a l t s  on to  t h e  l eaves ;  s t u d i e s  o f  o t h e r  n u t r i e n t s  
a r e  d e s i r a b l e .  
E a r l i e r  work on t h e  n u t r i e n t  c o n t e n t  of  groundnut  l eaves  has 
1 eaves of d i f f e r e n t  aoe. durin0.a Der iod  when c h l o r o s i  s7was 
" - 
deve lop ing .  
MATERIALS AND METHODS 
TWO separa te  s e r i e s  o f  measurements and obse rva t i ons  were 
made on groundnut  c rops  e s t a b l i s h e d  by  o t h e r  s c i e n t i s t s  a t  t h e  
I n s t i t u t e  d u r i n g  t h e  r a i n y  season i n  1981. The f i r s t  exper iment ,  
on an A l f i s o l  (pH 8 .0 ) ,  had f o u r  r e p l i c a t i o n s  u s i n g  c u l t i v a r  
R l V 2 .  The second exper iment  was l o c a t e d  on an E n t i s o l  ( p H  8.51, 
where e i g h t  sepa ra te  b reed ing  l i n e s  of groundnut  were sampled 
once. T h i s  exper iment  had t h r e e  r e p l i c a t i o n s .  The d e t a i l s  o f  
these exper iments,  i n c l u d i n g  sampl ing procedure and d e s c r i p t i o n  o f  
s o i l s ,  were p rov ided  i n  an e a r l i e r  p u b l i c a t i o n  (61.  
B r i e f l y ,  10 ( f i r s t  expe r imen t l  o r  5 (second expe r imen t l  
p l a n t s  were removed frm each p l o t ,  and l eaves  o f  t h e  same age 
bu l ked  f o r  each p l o t .  The l e a f  samples were washed tho rough ly  i n  
a c i d i f i e d  (HCl 1 wa te r  and d i s t i l l e d  wa te r  a f t e r  c o l l e c t i o n .  Tney 
were d r i e d  f o r  3 days i n  an oven a t  60C and ground i n  a m i n i -  
W i ley  m i l l  w i t h  s t a i n l e s s  s t e e l  b lades  t o  pass th rough  a 40-mesh 
s ieve .  
P l a n t  samples were ana lyzed  calorimetrically f o r  N and P 
f o l l o w i n g  d i g e s t i o n  on a b l o c k  d i g e s t o r  u s i n g  a i e c h n i c o n  
Au toana lyze r -11  ( 7 ) .  T o t a l  La,  Mg. K .  Fe, CU. Zn, and Mn con ten ts  
were es t ima ted  by  atomic a b s o r p t i o n  spectrophotometry f o l l o w i n g  
d i g e s t i o n  o f  t h e  p l a n t  samples u s i n g  t h e  t r i - a c i d  d i g e s t i o n  method 
(41. 
RESULTS AND DISCUSSION 
N u t r i e n t  c o n t e n t s  o f  groundnut  (cv.  TW2)  l eaves  of  d i f f e r e n t  
age c o l l e c t e d  d u r i n g  t h r e e  r e p r e s e n t a t i v e  sampl ings showed t h a t  
l e a f  c o n c e n t r a t i o n s  o f  N. P. K ,  Cu. Hn, and Zn g e n e r a l l y  decreased 
w i t h  i n c r e a s i n g  age (Tab le  11. Elemental  con ten ts  o f  Ca and Mg 
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TABLE 1 
Elemental  Composi t ion of Groundnut Leaves o f  
D i f f e r e n t  Age (TWO, A l f i s o l l z  
Lea f  AgeY 
Sampl ing 
Date 
1981 Mb Lb L l  L2 L3 L4 LS 
J u l y  29 5.73 
J u l y  31 3 . 4 7 ~  
Aug 3 6 . 3 4 ~  
SE + 
Mean 5 .48 
SE + 
J u l y  29 0.74 
J u l y  31 0 .70  
Aug 3 0.70 
SE + 
Mean 0.71 
SE 2 
J u l y  29  3.83 
J u l y 3 1  2.52 
Aug 3 3.45 
SE 
Mean 3.27 
SE 2 
To ta l  N ( % I  
0.145 
5.80 5.01 4.13 4.20 4.16 3.94 
0.083 
T o t a l  P (%I 
0.68 0.43 0.29 0.75 0.28 0.28 
0.70 0.51 0.41 0.35 0.38 0.33 
0.70 0.45 0.38 U.34 0.29 0.28 
0.025 
0.69 0.46 0.36 0.32 0.32 0 .30  
0.015 
To ta l  K ( P I  
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TABLE 1 ( C o n t d .  i 
Elemental  Composi t ion of  Groundnut Leaves o f  
D i f f e r e n t  Age ITMYZ, A l f i s o l  i z  
Leaf AgeY 
J u l y  23  0.90 
J u l y  31 0.81 
Aug 3 0 .59  
SE + 
Mean 0.77 
SE + 
J u l y  29 0.55 
J u l y  31 0.38 
Aug 3 0.47 
SE + 
Mean 0.47 
SE + 
J u l y  29 67  
J u l y  31 55 
Aug 3 70 
SE 2 
Mean 64 
SE 2 
To ta l  Ca i f )  
0.096 
0.85 1.04 1.40 1.68 
0.056 
To ta l  Mg 1 % )  
To ta l  Zn I u g l g i  
ELEMENTAL COUPOSITION O F  GROUNDNUT LEAVES 
Elemental  Composi t ion o f  Groundnut Leaves o f  
D i f f e r e n t  Age (TMVZ, A l f i s o l  12 
Leaf  AgeY 
Sampl ing 
Date 
1981 Mb Lb L1 12 13 L4 L5 
To ta l  Mn i ~ g l g l  
J u l y 2 9 3 8  39 40 31 44 44 38  
J u l y 3 1  36 3 1  32 43 46 46 53 
Aug 3 23 27 31 36 46 40 51 
SE + 5.12 
Mean 32 33 34 37 45 43 47 
SE - 2.95 
To ta l  Cu ( u g l g l  
J u l y 2 9  9 . 1  9.4 9.2 6.7 10.5 12.3 8.4 
J u l y 3 1  13.1 11.6 11.1 11.5 13.2 10.3 10.7 
Aug 3 1 8 . 2  18.0 15.8 15.2 7.1 7.3 8.6 
SE 2 1.57 
Mean 13.5 13.0 12.0 11.1 10.2 10.0 9 . 2  
SE + 0.85  
- 
ZThe expe r imen t  uas p l a n t e d  on 15 J u l y  1981. 
YLeaf  age: Mb i s  main bud; Lb i s  l a t e r a l  bud; L l  i s  
youngest  un fo lded  l e a f ;  and 15 i s  t h e  o l d e s t  u n f o l d e d  l e a f .  
xSl i g h t  c h l o r o s i s .  
W4arked c h l o r o s i s .  
1046 SAHRAWAT, R I D ,  A N D  BURFORD 
g e n e r a l l y  i nc reased  w i t h  l e a f  age b u t  t h e  i nc rease  was g r e a t e r  f o r  
Ca. N i t rogen ,  Zn, and Mn c o n c e n t r a t i o n s  decreased f rom t h e  
un fo lded  bud t o  t h e  second un fo lded  l e a f  (121,  b u t  t h e r e a f t e r  d i d  
n o t  decrease. The changes i n  P ,  K ,  and Ca c o n c e n t r a t i o n s  were 
h i g h l y  s i g n i f i c a n t  (P<O.Oll w i t h  i n c r e a s i n g  age o f  l e a f .  The P  
Concen t ra t i on  decreased f rom 0.70% i n  t h e  buds t o  0.301: i n  t h e  
o l d e r  l eaves ,  and K decreased from 3.3 t o  3.6% i n  buds t o  1 .U"bn  
t h e  o l d e r  l eaves .  Calc ium c o n c e n t r a t i o n  i nc reased  w i t h  l e a f  age 
from l e s s  than  1% i n  buds t o  ove r  26 i n  l e a f - 5  IL51.  Magnesium 
a l s o  i nc reased  w i t h  age, b u t  t o  much l e s s e r  e x t e n t  t h a n  Ca. 
N i t r o g e n  c o n c e n t r a t i o n  decreased markedly w i t h  l e a f  age t o  L2 b u t  
o l d e r  l eaves  showed l i t t l e  change w i t h  age. Z inc and Mn 
c o n c e n t r a t i o n s  changed s i g n i f i c a n t l y  w i t h  l e a f  age, b u t  t h e  maJor 
d i f f e r e n c e  was between buds and t h e  o l d e r  l eaves .  The Zn 
c o n c e n t r a t i o n  was s i g n i f i c a n t l y  h i g h e r  i n  t h e  buds ( a 5  ,919) 
t h a n  i n  a l l  opened l eaves  147-51 i g /g ) ;  Mn con ten t  i n  buas and 
f i r s t  two opened l eaves  (32-37 " g i g )  was l e s s  than  t h a t  of  t h e  
t h r e e  o l d e r  l eaves  143-47 b g l g ) .  Copper c o n c e n t r a t i o n  u s u a l l y  
decreased w i t h  l e a f  age. There was no c o n s i s t e n t  e f f e c t  o f  i r o n  
c h l o r o s i s  on e lemental  compos i t i on  o f  groundnut  l eaves  and i t  was 
oerhaps confounded by i t s  i n t e r a c t i o l l  w i t h  age o f  t h e  l e a f .  
An examina t i on  o f  t h e  l e a f  compos i t i on  (Mb and L l l  o f  8 
groundnut  b reed ing  e n t r i e s  showed t h a t  c h l o r o s i s  caused few 
changes i n  t h e  e lemental  con ten ts  o f  l eaves  t h a t  were c o n s i s t e n t  
i n  b o t h  Mb and L l  and i n  t h e  p l a n t s  o f  c o n t r a s t i n g  v i g o r  and 
growth (Tab les  2 and 31. Magnesium c o n c e n t r a t i o n s  were h i g h e r  i n  
c h l o r o t i c  t han  i n  h e a l t h y  t i s s u e  o f  b o t h  buor and l e a f  t i s s u e  o f  
t h e  v a r i o u s  b reed ing  e n t r i e s .  Calc ium c o n c e n t r d t i o n s  were d l s o  
consistently n i g h e r  i n  t h e  c h l o r o t i c  t han  h e a l t h y  buds n o t  L1, 
whereas P  concen t ra t i ons  were h i g h e r  i n  L1 b u t  n o t  t h e  Mb. 
Manganese con ten ts  were v a r i a b l e  b u t  c h l o r o s i s  decreased i t s  
c o n c e n t r a t i o n  i n  L1. 
Ca lc ium and P have been i m p l i c a t e d  as  n u t r i e n t s  i n v o l v e d  i n  
caus ing  p r e c i p i t a t i o n  o f  i r o n  i n  p l a n t  t i s s u e  and caus ing  
c h l o r o s i s  (1,3.8) .  I n  o u r  s tudy  t h e  P c o n c e n t r a t i o n  was 
c o n s i s t e n t l y  about  0.7DX and decreased w i t h  l e a f  age,  and Ca 
c o n c e n t r a t i o n  i nc reased  f rom 0.59 t o  1.OIYL i n  t h e  buds t o  ove r  2% 
i n  t h e  o l d e r  l eaves  (Tab le  1  I. The h i g h e r  P c o n c e n t r a t i o n  i n  t h e  
young t i s s u e  c o u l d  b e  a  c o n t r i b u t i n g  f a c t o r  f o r  dec reas ing  i r o n  
s t a t u s  of  p l a n t  and caus ing  c h l o r o s i s ;  c u l t i v a r s  wh ich  d i f f e r e d  
s t r o n g l y  i n  c h l o r o s i s  d i d  n o t  d i f f e r  i n  P o r  Ca l e v e l s .  However. 
t hese  d e t a i l e d  sampl ings were o n l y  p r e l i m i n a r y  and t n e r e f o r e  c o u l d  
n o t  revea l  t h e  cause o f  c h l o r o s i s .  
These r e s u l t s  i n d i c a t e  t h a t  w h i l e  i r o n  c h l o r o s i s  d i d  n o t  
cause any c o n s i s t e n t  changes i n  t h e  e lemental  compos i t i on  o f  
groundnut  l eaves .  marked changes i n  c o n t e n t  were assoc ia ted  w i t h  
l e a f  age. 
" 
TABLE 2 1 
3 
Content of  N. P. K .  Ca, Mg (?I i n  Hain Rud (Nb) and F i r s t  F u l l y  
0pened Leaf I L I )  o f  O i f f e r m t  Grounmut Breeding En t r i esz  
Extent  of P lan t  Breeding 
-- - - 
z 
ChlorosisY G r o r t W  En t r y  frb L1 F% L l  Yb L1 Bb L I  Vb L1 2 
- -.  .-- - -- -. -. -.  . - - . -.  - . 
Severe Poor FESR 12-P5 4.65 3.66 0.61 0.40 3.33 3.27 1.61 1.51 0.66 0.57 2 
FESRIZ-Pb4 .66  3.86 0.57 0.40 3.34 3.08 1.23 1.49 0.56 P.68 2 
- 
Severe Good NCAC664 5.25 4.23 0.52 0.41 3.10 3 . M  1.47 2.08 0.65 0.68 : 
U-1-2-1 5.47 4.7q 0.55 0.4C 3.10 2.94 1.66 2.46 0.69 O.t7 r 
.- 
N i l  Poor T I l V 2  4.78 3 . 3  0.59 0.27 3.36 7.97 1.06 1.72 0.47 0.33 5 
Krapovikas 5.12 4.42 0.58 0.23 3.53 3.30 O.P8 1.75 0.41 C.37 
N i l  Good C. No. 501 4.91 4.16 0.56 0.27 3.58 2.08 0.89 1.62 0.42 0.31 
E . runne r  5.35 4.00 0.61 0.75 3.83 2.W 1.16 1.73 0.55 0.19 
zLeaves sampled on 1 September, 1981, 72 days a f t e r  sowing. 
YExtent  of c h l o r o s i s  and p l a n t  growth scores made on a scale o f  0-10; tCc h ighes t  va lue  was o iven f o r  
maxima growth o r  nax imm ch lo ros i s .  
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FOOTNOTE 
Submi t t ed  as CP No. 304 by t h e  I n t e r n a t i o n a l  Crops Research 
I n s t i t u t e  f o r  t h e  Semi -A r i d  T r o p i c s  ( ICRISATI.  
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